Abstract--The paper describes a Synthetic Aperture Radar (SAR) image simulation for ocean surface. It's In order to study the SAR image of the ocean wave and the wave modulation of the RCS (radar cross section). The simulation is based on the velocity bunching (VB) theory and is developed in the Matlab programming language. The software has been conceived and implemented modularly and its use can also assist microwave remote sensing courses. The way is an available method of studying the sea surface wave image by SAR.
I. INTRODUCTION
Applications of SAR (synthetic aperture radar) to monitor ocean have been quickly developed during these years. The nature of such a dynamic environment, as well as the coherent features of the probing, make this issue troublesome and intriguing. In order to fully exploit the available information, inverse procedures are desirable and any inversion scheme calls for an appropriate model. It is clear that simulation procedures are helpful to shed light in this research field. They enable the problem to be directly tackled and allow consideration of meaningful canonical situations. In this paper we consider an ocean SAR raw signal simulation.
In the simulation procedures, there are two main problems: generation of the ocean wave raw signal and modeling of the reflectivity function. The first problem takes into account the transformation of the reflectivity function that depends heavily on the ocean dynamics. Different models have been proposed in many papers.
The main dispute is between the distributed surface (DS) model and the velocity bunching (VB) model. This paper tend to utilize the VB model.
The second problem is the electromagnetic-ocean wave interaction. Electromagnetic backscattering from the ocean at microwave frequencies has been widely studied and some survey campaigns have been conducted. At the intermediate incidence angles and appropriate environmental conditions, the basic backscattering mechanism is the Bragg scattering. However it must be emphasized that when the resolution cell is small with respect to the ocean backscattering wavelength. It no longer features a collection of scatters and we deal with low gazing angles, the microwave backscattering is not of the Bragg type and different models have to be used.
The purpose of this paper is to build up an efficient SAR raw signal simulator for extended ocean scenes. It is accomplished basically following the VB model. It considers as basic dynamic ingredients the phase velocity and the nonlinear hydrodynamic interactions between ocean waves, but it does not consider the velocity bunching effect although it takes into account the particle motion. Thus we use most of the presented material to be properly accommodated in order to substitute the VB to the DS. This is an interesting point to be explored in the future because comparison of the two theories could be accomplished with reference to canonical modeled cases.
In the simulation procedure, we generate the simulated SAR raw signal: generation of the long wave, approximation of the latter with planar facets, random perturbation to account for the intermediate waves, evaluation of the Bragg resonant contribution for each facet including the nonlinear hydrodynamic modulation, introduction of a random phase term due to different ripples incoherence, efficient evaluation of the SAR signal via FFT codes properly accommodated to the system aberrations, and interpolation over a deformed grid accounting for ocean pattern propagation. Eventually, the simulated image can be obtained via conventional SAR data processing.
The overall simulation scheme, wherein the long ocean wave is the input and the SAR raw signal is the output, turns out to be nonlinear in several aspects, due to both the SAR raw signal formation and the backscattering model. As an application of the simulator, we demonstrated that, in the case of an idealized monochromatic long ocean wave, the phase shift between the long wave and its image and the nonlinear ocean wave mechanism is heavily dependent on the ripple spectrum. In fact, it is well known that the visibility of the long ocean wave is due to the presence of the short waves which plays a fundamental role in the imaging formation process.
II. OCEAN WAVE SAR SIMULATION
In this section, (x0, y0) is the ocean wave coordinates, (x, y) is the SAR image coordinates, the simulation procedure is as follows: a) Simulate the ocean wave field z (x0,y0); b)Calculate the Doppler spectrum of the reflectivity from the scene and the radar cross section σ(x0, y0);
c) The Doppler spectrum has been used to control the mapping from the radar cross section to the SAR image I(x, y); π .
In the paper, we use the JONSWAP spectrum,
ω is the peak of the frequency, 1 T ω ≤ , ω is the radial frequency of the wave, T is the integration time.
2) The scattering from the ocean surface can be described as the mean scattering of the independent facets.
3) In the SAR processing, we neglect the coupling between the range and the azimuth.
4) The SAR is an ideal device, it can mapping the radar cross section distribution 5) In here , we don't calculate the noise and the coherent speckle. According to the equations, the range direction and the azimuth direction of the SAR can be processed independently. Because the range is the 'fast' time, processed at velocity of light, the influence of the wave fluctuate can be neglected. 
The radial velocity of the scattering units is:
( ) ( ) sin cos
θ is the incidence angle, the azimuth displacement of the scattering units in the SAR image is:
R is the distance between the antenna and the targets, V is the velocity of the platform.
The degraded resolution of the azimuth direction is: 
III. RESULTS
In the procedure, we use the Pierson-Moskowiz spectrum. We refer to the parameters of the SAR and the Sea condition collected in the table 1. The figure 1 is the results of the simulation. The result show that the velocity bunching modulation is not sensitive to the movement of the range. III. With the increasing of the wave height, the azimuth shifting and blur are getting more grave, and the imaging is getting more worse.
IV. CONCLUSION
According to the simulation, we can see that the velocity bunching modulation is the main causation about the imaging of the SAR for the ocean wave. The amplified of the ocean wave, the frequency, the propagation direction, the correlation time and the incidence angle can decrease the resolution in the azimuthal direction.
